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Length asymmetry of the bovine digits
Abstract
The lengths of the digital bones of the fore- and hind-limbs obtained post mortem from 40 cattle of
different ages were measured using digital radiographs. The lengths of the individual digital bones and
the overall length of the digit were determined using computer software. The lateral
metacarpal/metatarsal condyle, and lateral P1 and P2 were significantly longer than their medial
counterparts, whereas P3 of the medial digit was longer than its lateral partner. Measured from the
cannon bone epiphysis to the tip of the pedal bone, the mean increased length of the lateral digit was 0.8
mm in the fore- and 1.5 mm in the hind-limb. When the lengths of the digital bones were summed, the
mean length of the lateral digit was 1.8 mm longer in the fore-limb and 2.1 mm longer in the hindlimb.
Based on these findings, it can be concluded that the lengths of the paired digits differ in cattle. The
majority of cattle have longer lateral digits in the fore- and hind-limbs. This asymmetry might explain
why the lateral hind-limb claws are predisposed to sole ulcers on hard surfaces. In the hind-limbs, the
impact is transferred from the pelvis directly to the longer lateral digit. In the fore-limb claws, the
tenomuscular attachment to the trunk may be involved in a more even weight distribution and in a shift
of weight to the medial claw.
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15 
Abstract 16 
The lengths of the digital bones of the fore- and hind-limbs obtained post mortem from 17 
40 cattle of different ages were measured using digital radiographs. The lengths of the indi-18 
vidual digital bones and the overall length of the digit were determined using computer soft-19 
ware.  20 
The lateral metacarpal/metatarsal condyle, and lateral P1 and P2 were significantly 21 
longer than their medial counterparts, whereas P3 of the medial digit was longer than its lat-22 
eral partner. Measured from the cannon bone epiphysis to the tip of the pedal bone, the mean 23 
increased length of the lateral digit was 0.8 mm in the fore- and 1.5 mm in the hind-limb. 24 
When the lengths of the digital bones were summed, the mean length of the lateral digit was 25 
1.8 mm longer in the fore-limb and 2.1 mm longer in the hind-limb.  26 
Based on these findings, it can be concluded that the lengths of the paired digits differ 27 
in cattle. The majority of cattle have longer lateral digits in the fore- and hind-limbs. This 28 
asymmetry might explain why the lateral hind-limb claws are predisposed to sole ulcers on 29 
hard surfaces. In the hind-limbs, the impact is transferred from the pelvis directly to the long-30 
er lateral digit. In the fore-limb claws, the tenomuscular attachment to the trunk may be in-31 
volved in a more even weight distribution and in a shift of weight to the medial claw. 32 
 33 
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35 
Introduction 36 
The prevalence of cattle lameness in modern dairy management systems is high 37 
(Cramer et al., 2008; Fjeldaas et al., 2007; Murray et al., 1996). Locomotor disorders and 38 
lameness caused by claw horn lesions are linked to premature culling and increased mortality 39 
(Thomsen et al. 2004, Cramer et al. 2008). The majority of lesions causing lameness are 40 
found in the digits. Cows prefer walking on softer surfaces (Benz et al., 2002; Telezhenko et 41 
al., 2007) and lesion incidence decreases when cows walk on pasture (Flower, et al., 2007, 42 
Hernandez-Mendo, et al., 2007). This suggests that dairy cattle have not adapted well to 43 
manmade intensive housing systems. White line disease and sole ulcer as well as signs of 44 
laminitis occur predominantly in the lateral hind claws (Kofler et al., 2007; Nuss et al., 1996; 45 
Smits et al., 1992; Toussaint Raven, 1989).  46 
 47 
Chronic overload of the lateral hind claws is considered to be the main predisposing 48 
factor in heifers and lactating cows, whether standing (Kehler and Gerwing, 2004; van der Tol 49 
et al., 2002) or walking (Meyer et al., 2007; Schmid et al., 2009). Overgrowth of the lateral 50 
hind claw in comparison to the medial hind claw has been documented (Nuss and Paulus, 51 
2006). Such distinct asymmetry within the claws is not a well known feature in calves (Däm-52 
mrich et al., 1982; Schwarzmann et al., 2007) and asymmetry is currently believed to develop 53 
mainly in heifers after calving (Huth et al., 2005; Ossent et al., 1987).  54 
 55 
In general, hind-limb claws present lesions causing lameness much more frequently 56 
than fore-limb claws (Cramer et al., 2008; Fjeldaas et al., 2007; Murray et al., 1996). When 57 
standing, the medial claws of the fore-limbs bear most of the weight (Alsleben et al., 2003; 58 
van der Tol et al., 2002). Overload therefore occurs primarily in the medial claws which are 59 
more frequently affected by sole ulcers (Murray et al., 1996). However, the lateral claws of 60 
the fore-limbs contact the ground first and such carry more load than the medial when walk-61 
ing (Meyer et al., 2007). Vertical fissures are more common in the lateral claws of the fore-62 
limbs (Clark et al., 2004).  63 
 64 
 The causes of overload and disease predisposition of the lateral hind claws and the 65 
medial fore claws are poorly understood. Even after functional trimming the weight is not 66 
evenly distributed between the hind-limb claws (Van der Tol et al., 2004). After a short time 67 
period the lateral claw again carries considerably more weight (Kehler and Gerwing, 2004). 68 
The lateral claw of the hind-limb may present particular anatomical characteristics (Anders-69 
son and Lundström, 1981) that predispose them to chronic overload and disease.  70 
 71 
Nuss and Paulus (2006) suggested that one of the risk factors for sole ulcers may be an 72 
anatomical difference in the length between the lateral and medial digital skeleton, and re-73 
ported that following a study of bovine claws post mortem the sole of the lateral claw extend-74 
ed beyond that of the medial claw. Nacambo et al. (2007) and Schwarzmann et al. (2007) 75 
suggested that the lateral phalanges of calves were longer. The present study investigated this 76 
hypothesis by measuring the skeletal component of the bovine digit in different ages of cattle.  77 
 78 
Materials and methods 79 
All feet of 40 domestic cattle of different ages culled for reasons unrelated to the study 80 
(Table 1) and which showed no signs of claw disease were collected post mortem. Pal-81 
marodorsal or plantarodorsal radiographs were obtained using a portable X-ray machine 82 
(Firma Gierth HF 200). Both front and hind feet were positioned separately on a digital X-ray 83 
cassette (IP cassette Type 3A, Fuji). Exposure indices were 56 kV, 30 mA and 0.2 s for calves 84 
and 70 kV, 25 mA and 0.2 s for the remaining cattle. The film-focus distance was 115 cm, 85 
and the central beam was positioned perpendicular to the cassette at the level of the proximal 86 
interphalangeal joint between the two feet.  87 
 88 
A lead ruler was placed on the cassette parallel to the longitudinal axis of the feet to 89 
calibrate the measurements, at the same height as the digital bones by placing it on radiolu-90 
cent blocks. Thus, the image of the ruler was magnified with the bones. The radiographs were 91 
visualised using a Computed Radiography reader (FCR AC-3CS; Fuji, 1996) and computer 92 
software (Phillips Corporation, 2005). The lengths of the digits were evaluated after importing 93 
the radiographs into the computer program Metron PX (Version Nr. 3.03, Epona Tech). The 94 
magnification factor was estimated from the image of the lead ruler on the plate. 95 
 96 
For measurements of the medial and lateral digital skeleton, exact anatomical refer-97 
ence points had to be used to ensure reproducible data. To achieve this, a line was first drawn 98 
between the tips of both P3 for each digit (Fig. 1). From the midpoint of this line, a straight 99 
line extending proximally through the intertrochlear notch of the metacarpal/metatarsal bone 100 
represented the long digit axis. Perpendicular to the digit axis at the level of the epiphyseal 101 
plate another line (EL) was drawn. EL was used as the starting point for various length meas-102 
urements (Fig. 1). The length of the cannon bone condyles (LC), the length of phalanx 1 103 
(LP1), phalanx 2 and phalanx 3 (LP2 and LP3), the overall length from the epiphyseal plate to 104 
the pedal joint (OL 1), the overall length from the epiphyseal plate to the tip of P3 (OL2) were 105 
estimated (Fig. 1). 106 
 107 
 The length of the metacarpal/metatarsal condyles was measured along a line starting 108 
at, and perpendicular to EL and extending to the head of the sagittal crest. The length of P1 109 
was defined as the line connecting the most distal point of the sagittal groove of the proximal 110 
joint surface to the most proximal point of the sagittal groove of the distal joint surface. The 111 
length of P2 was measured from the proximal endpoint of the extensor process to the most 112 
proximal point of the sagittal groove of the distal joint surface of P2. The length of P3 was 113 
measured along a line drawn between the tip of the extensor process and the tip of P3 (Fig 1). 114 
The overall length 1 was measured along a line drawn parallel to the axis of the digit from the 115 
line EL at the level of the epiphyseal groove to the distal interphalangeal joint. The overall 116 
length 2 started at the same point and used the same axis as OL1 but extended to the tip of P3 117 
(Fig 1). The overall length 3 was determined by adding the individual bone lengths for each 118 
digit. 119 
 120 
 The software programs SPSS for Windows (version 11.5, SPSS) and SAS (version 121 
9.1, SAS Institute) were used for statistical analysis. Measurements of all individual feet as 122 
well as pooled measurements of left and right feet were analysed. Means were calculated for 123 
the overall sample as well as for each of the four age groups. A paired t test was used to ana-124 
lyse differences between lateral and medial claws. In addition a mixed linear model 125 
(PROCMixed, SAS) was applied to correct for repeated measurements within the animal. 126 
P<0.05 was considered significant, but Bonferroni correction was applied to correct for mul-127 
tiple comparisons. Correlations of digital length and age were calculated with the Spearman 128 
Rank test.  129 
 130 
Results 131 
 When the age groups were considered separately (Tables 2 to 5) phalanges 1 and 2 of 132 
the lateral digits were significantly longer than the corresponding bones of the medial digits. 133 
The lateral metacarpal/metatarsal condyles were longer than the medial condyles only in plu-134 
riparous cows. An exception was seen in calves where the metacarpal condyles were the same 135 
length in the left fore-limb, and in the right fore-limb the medial condyle was significantly 136 
longer. P3 of the medial digits was longer compared with the lateral digits but statistical sig-137 
nificance varied among age groups and fore- and hind-limbs. 138 
 139 
 In all age groups, the mean overall length 1 of the lateral digit was significantly great-140 
er than that of the medial digit in the fore-limbs and hind-limbs. The mean overall length 2 of 141 
the lateral hind digits was greater than that of the medial digits with the exception of calves. 142 
In the fore-feet, there was no significant difference between mean overall length 2 of the lat-143 
eral and medial digits. The mean overall length 3 of all the lateral digits was significantly 144 
greater than that of the medial digits (Table 2-5). The difference in length between the lateral 145 
and medial digits was only a few mm in all limbs. The mean length differences were similar 146 
in the hind-limbs and in the fore-limbs (Fig. 2 and Table 6). There was no correlation between 147 
difference in length and age or weight. 148 
 149 
 When all age groups were considered together, the lateral metacarpal/metatarsal con-150 
dyle was longer than the medial in 65% (52/80) fore-limbs and in 91% (73/80) hind-limbs. 151 
Lateral P1 was longer than its medial partner in 98.5% (79/80) of fore-limbs and in 95% 152 
(76/80) of hind-limbs, and the lateral P2 was longer than the medial in 98.5% (79/80) of fore-153 
limbs and 74% (59/80) of hind-limbs. In 21 hind-limbs, the medial P2 was longer than the 154 
lateral in 15 and the same length as the lateral in the remaining six hind-limbs. In contrast, the 155 
medial P3 was longer than its lateral partner in 67.5% (54/80) of fore-limbs and in 66% 156 
(53/80) of hind-limbs. 157 
  158 
 The overall length 1 of the lateral digit was greater than that of the medial digit in 96% 159 
(77/80) fore and hind-limbs. In calves, the overall length 2 of the medial digit was greater 160 
than that of the lateral digit in 13 of 20 fore-limbs, whereas in the hind-limbs, the overall 161 
length 2 of the lateral and medial digits was similar. When all four age groups were consid-162 
ered together, the overall length 2 was greater in the lateral digits in 63.8% (51/80) of the 163 
fore-limbs and in 80% (64/80) of the hind-limbs. The overall length 3 was greater in the lat-164 
eral digits in 84% (67/80) of fore-limbs and in 88% (70/80) of hind-limbs. 165 
 166 
 Comparison of the lengths of the digital bones in the fore-limbs and hind-limbs re-167 
vealed that P2 of the hind-limb was significantly longer than P2 of the fore-limb in all age 168 
groups (Table 2 - 5). In the pluriparous cows, the metatarsal condyles and lateral hind P1 were 169 
significantly longer than the corresponding bones in the fore-limb. In the heifers and steers 170 
and the cows, P3 of the fore-limbs was significantly longer than P3 of the hind-limbs. The 171 
overall length 1 of the fore-limb digits was significantly smaller than that of the hind-limb 172 
digits in all the cattle. The overall length 2 of the fore-limb digits was significantly smaller 173 
than that of the hind-limb digits in calves and pluriparous cows. The overall length 3 of the 174 
hind-limb digits was significantly greater than that of the fore-limb digits in female cattle. In 175 
bull calves and steers, there was only a trend towards longer digits (OL 3) in the hind-limbs.  176 
 177 
Discussion 178 
Based on the results of the present study the hypothesis that the paired digits of cattle 179 
are different in length was accepted. The results indicated an asymmetry between the lateral 180 
and medial digits (Fig 3). Only the metacarpal condyles of calves showed an exception of that 181 
finding because of one calf that had a longer medial condyle. This indicates that anatomical 182 
variations can exist in individual cattle. Although the majority of cattle had longer lateral dig-183 
its, there were some in which the medial digit was longer. Obwohl die Mehrzahl der Tiere 184 
längere laterale Zehen aufwies, gab es auch Tiere, die längere mediale Zehen hatten. Because 185 
measurements were carried out in cattle of different breeds and in calves of both sexes, bone 186 
lengths varied. However, this did not preclude meaningful comparisons between the length 187 
differences of corresponding lateral and medial digits (Table 6). The absence of correlations 188 
between the differences and the age or weight of the cattle suggests an inherent length asym-189 
metry.  190 
  191 
The method used for obtaining measurements on digital radiographs had been estab-192 
lished in previous studies (Kummer et al., 2008; Kummer et al., 2004; Schwarzmann et al., 193 
2007). The magnification and distortion of the bone shadows on the radiographs were mini-194 
mised by using a lead ruler as a reference measure. Positioning of the digits on their dorsal 195 
aspect resulted in joint angles that were different from those of the loaded digit during normal 196 
weight-bearing. It is conceivable that the amount of asymmetry between the digits observed in 197 
this study was affected by the experimental conditions, but since both digits were examined 198 
simultaneously, they were affected in the same manner.  199 
 200 
 There have been only a few studies on bone measurements in bovine digits. These 201 
involved a small numbers of animals (Ocal et al., 2004; Ranft, 1936) or were limited to cer-202 
tain bones (Nacambo et al., 2007; Simon, 1963). Ocal et al. (2004) measured four variables to 203 
estimate the size of the pedal bones of eight Holstein bulls and found that the values of the 204 
medial claws were larger than those of the lateral claws in the fore- and hind-limbs. Further-205 
more, the smallest measurements were recorded in P3 of the lateral claws of the hind limbs. 206 
These results are in agreement with those of our study with respect to the length of P3. In ad-207 
dition, Ocal et al. (2004) found no significant differences between the lengths of the lateral 208 
and medial P1 and P2 but did not measure the metacarpal/metatarsal condyles or the overall 209 
lengths of the digits.  210 
 211 
 In another radiographic study in calves, the length of the digits was measured from the 212 
metacarpal and metatarsal physis to the distal interphalangeal joint. A significant difference 213 
was found between the paired digits (Schwarzmann et al., 2007). Those measurements corre-214 
sponded to overall length 1 of the present study. Although overall length 1 may not be of 215 
much clinical interest, it does indicate that a significant difference in length exists at that lev-216 
el. At the level of overall length 2, the difference was diminished, which indicates that the 217 
longer medial pedal bone may compensate for the length difference. Overall length 3, which 218 
represented the sum of the lengths of all the digital bones, almost always differed significantly 219 
between the paired digits. Whether overall length 2 or overall length 3 determines the differ-220 
ence in length of the digits in vivo is not known. Overall length 3 was generated by four sepa-221 
rate measurements and was more likely to be associated with a measuring error than the sin-222 
gle measurement in overall length 2, but on the other hand was less dependent than overall 223 
length 2 on the accuracy of the epiphyseal line EL. 224 
 225 
 The length of the medial and lateral digits differed by only a few mm (Table 6). This 226 
finding prompts the question of whether such a small difference in digit length can predispose 227 
cattle to sole ulcers, particularly in the lateral hind-limb claw. However, it must be remem-228 
bered that the length difference varied from -1.7 to 4.8 mm (Fig. 2). It could be hypothesized 229 
that only cattle with a larger difference, for example > 3 mm, are predisposed to overload and 230 
subsequently sole ulcers under current housing conditions. 231 
 232 
 The finding that the lateral digit of the fore-limb was longer than the medial digit 233 
seems to be contradictory because the medial claws of the fore-limb are more often subjected 234 
to maximum pressures exerted on a foot while standing still (van der Tol et al., 2002) and 235 
develop sole ulcers somewhat more frequently than the lateral claw (Birkeland and Fjeldaas, 236 
1984; Köstlin and Nuss, 1988; Martig et al., 1979; Murray et al., 1996). Altogether, fore-limb 237 
claws suffer considerably less disease than hind-limb claws (Cramer et al., 2008). Possibly the 238 
fore-limbs are better able to compensate for traumatic overload than the hind-limbs because of 239 
their elastic tenomuscular attachment to the trunk. This same attachment, however, may con-240 
tribute to overload of the medial claw on hard surfaces by re-distributing the weight from the 241 
longer lateral digit to the shorter medial digit, resulting in chronic overload of the latter. An-242 
other reason for uneven weight-bearing by the front claws might be a base-wide stance at the 243 
feed bunk, which places more stress on the medial claws. Weight distribution during standing 244 
might play a greater role in the development of sole ulcers compared to during walking. On 245 
the other hand, at the walk the lateral claw of the fore-limb contacts the ground before the 246 
medial claw (Meyer et al., 2007; Schmid et al., 2009), which might lead to the higher preva-247 
lence of vertical fissures (Clark et al., 2004) in the lateral fore-limb claws. 248 
 249 
 The paired digits of wild ruminants also have been shown to differ in length (Keller et 250 
al., 2009). The functional role of a length difference remains speculative. It is reasonable to 251 
assume that longer lateral digits are an evolutionary adaptation to moving on soft or uneven 252 
ground. Under these conditions, a longer lateral digit may prevent lateral instability of the 253 
animals’ trunk during movement. The lateral claws sink into the ground, and provide stability 254 
to the trunk while the medial claws take over weight-bearing from the beginning of the stance 255 
phase. Possibly for this reason, the gait of lame cows improves on soft rubber flooring or pas-256 
ture (Flower et al., 2007; Hernandez-Mendo et al., 2007).  257 
 258 
 In modern dairy operations, cows have little access to soft ground (Smits et al., 1992). 259 
Although functional claw trimming reduces the difference in length between the paired claws 260 
and minimises overload of the lateral hind claws, the incidence of sole ulcers and other claw 261 
horn disorders remains very high. Therefore, it seems prudent to provide dairy cows with soft 262 
flooring and pasture, especially during the peripartum period when claws are particularly sus-263 
ceptible to disease (Knott et al., 2007). 264 
 265 
 266 
Conclusions 267 
We propose that this difference in length of the lateral and medial digits of cattle plays an 268 
important role in the particular anatomical characteristics (Andersson and Lundström, 1981) 269 
that predispose the lateral claws of the hind-limbs and, to a much lesser extent, the medial 270 
claws of the fore-limbs, to chronic overload and disease. Because this difference in length 271 
varied in magnitude and was not present in all cattle, further studies are needed to investigate 272 
its association with sole ulcers. It could be hypothesized that only in feet with a larger differ-273 
ence the digit lengths are predisposed to overload and subsequently sole ulcer. 274 
 275 
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412 
Tables 413 
 414 
 415 
Table 1  Sex, weight* and age of cattle used for digit measurements 416 
Age group Female/male Weight (kg) Age 
Calves 6/4 43 (34-72) 16,4 (1-42) 
Heifers and steers 5/5 396 (240-510) 15 (10-18) 
Primiparous cows  n.a. 482 (391-588) 29 (23-30) 
Pluriparous cows n.a. 589 (443-760) 46 (31-78) 
 417 
* liveweight or calculated from carcass weight (heifers/steers, carcass weight, 60% of live-418 
weight; cows 55% of liveweight)  419 
Age of calves given in days and age of remaining cattle in months 420 
n.a., not applicable 421 
 422 
423 
Table 2 Mean length (mm) of digital bones and overall digital lengths in calves 424 
(standard deviation, minimum, maximum). 425 
Calves ( n= 10) Fore-limbs (n= 20) Hind-limbs (n= 20) 
Condyles 
lateral 29.9 (3.4, 24.8, 33.9) 30.6a (3.6, 25.0, 35.9) 
medial 30.1 (3.4, 34.5, 34.3) 29.4 (3.4, 24.2, 35.0) 
First phalanx 
lateral 35.0a (3.9, 27.9, 41.4) 35.8a (3.4, 29.0, 41.4) 
medial 33.9 (3.6, 27.4, 39.8) 34.7 (3.2, 28.2, 39.8) 
Second phalanx 
lateral 24.0a (2.1, 19.8, 28.6) 25.4b (2.7, 20.9, 30.0) 
medial 23.5 (2.4, 17.0, 23.4) 25.2b (2.5, 20.9, 29.7) 
Third phalanx  
lateral 24.7 (2.4, 21.7, 28.0) 25.1 (2.2, 20.4, 29.0) 
medial 24.8 (2.5, 21.0, 28.0) 25.8a, b (2.4, 21.2, 28.8) 
Overall length 1 
lateral 92.6a (9.4, 77.4, 106.5) 96.0a, b (9.1, 80.4, 108.6) 
medial 91.6 (9.1, 76.1, 104.6) 93.9 (8.4, 79.2, 105.9) 
Overall length 2 
lateral 118.3 (11.4, 99.5, 134.4) 122.4b (11.2, 101.8, 137.6) 
medial 118.3 (11.0, 99.8, 134.0) 121.7b (10.3, 102.5, 136.6) 
Overall length 3 
lateral 113.6a (11.7, 94.6, 131.9) 116.9a, b (11.8, 95.4, 133.6) 
medial 112.4 (11.2, 93.6, 129.6) 115.1 (11.8, 94.6, 130.0) 
 426 
a within foot, difference is significant (P = 0.0036 after Bonferroni correction) 427 
b between fore vs. hind feet, difference is significant (P = 0.0036 after Bonferroni correction) 428 
429 
Table 3 Mean length (mm) of digital bones and overall digital lengths in heifers 430 
and steers (standard deviation, minimum, maximum). 431 
 432 
Heifers/bulls (n= 10)  Fore-limbs (n= 20) Hind-limb (n= 20) 
Condyles 
lateral 39.8a (4.1, 33.8, 46.0) 40.0 (3.2, 35.4, 45.8) 
medial 38.9 (4.6, 32.0, 46.2) 39.4 (3.5, 35.0, 46.4) 
First phalanx 
lateral 53.1a (3.7, 47.1, 57.8) 53.6a (3.7, 46.6, 58.2) 
medial 51.2 (3.5, 45.5, 55.7) 52.1 (3.4, 45.6, 56.3) 
Second phalanx 
lateral 36.2a (2.0, 32.5, 40.0) 38.3a, b (2.2, 33.0, 41.0) 
medial 35.4 (2.2, 31.2, 39.1) 37.7b (2.3, 32.4, 40.4) 
Third phalanx  
lateral 41.0 (4.1, 34.0, 47.3) 40.1 (3.8, 33.8, 46.5) 
medial 42.3a, b (3.9, 35.9, 47.9) 40.7a (3.8, 34.0, 46.1) 
Overall length 1 
lateral 131.1a (8.9, 117.5, 143.0) 134.6a, b (8.4, 116.8, 143.9) 
medial 128.2 (9.7, 113.8, 140.2) 131.9b (8.3, 116.4, 141.9) 
Overall length 2 
lateral 172.1 (11.8, 99.5, 134.4) 174.9a (11.1, 150.8, 188.0) 
medial 170.8 (12.6, 151.8, 183.2) 173.5 (10.9, 150.9, 185.4) 
Overall length 3 
lateral 170.1a (12.3, 151.7, 183.8) 172.0a (10.7, 149.0, 184.5) 
medial 167.9 (12.7, 149.0, 181.4) 169.9 (10.7, 148.4, 182.2) 
a within foot, difference is significant (P = 0.0036 after Bonferroni correction) 433 
b between fore vs. hind feet, difference is significant (P = 0.0036 after Bonferroni correction) 434 
 435 
 436 
437 
Table 4 Mean length (mm) of digital bones and overall digital lengths in primiparous 438 
cows (standard deviation, minimum, maximum). 439 
 440 
Primiparous cows Fore-limbs (n= 20) Hind-limbs ( n= 20) 
Condyles 
lateral 36.4 (3.0, 31.2, 40.6) 37.4a (3.2, 30.4, 40.4) 
medial 36.0 (3.1, 30.3, 41.2) 36.3 (3.1, 29.9, 40.0) 
First phalanx 
lateral 55.5a (2.4, 51.9, 59.8) 56.6a (2.6, 52.8, 60.4) 
medial 54.0 (2.5, 50.2, 58.8) 55.6 (2.6, 51.0, 58.6) 
Second phalanx 
lateral 37.6a (2.2, 34.4, 41.4) 40.1b (1.9, 36.3, 42.4) 
medial 36.3 (2.0, 33.4, 39.5) 39.8b (1.9, 36.0, 42.4) 
Third phalanx  
lateral 47.7 (2.5, 43.8, 51.0) 46.3b (3.3, 40.4, 50.6) 
medial 49.2a, b (2.9, 44.4, 53.0) 46.6b (2.9, 40.5, 51.2) 
Overall length 1 
lateral 131.1a (6.9, 120.8, 143.4) 135.9a, b (7.0, 121.0, 143.9) 
medial 128.4 (6.9, 117.3, 141.2) 133.8b (6.9, 119.7, 142.5) 
Overall length 2 
lateral 179.0 (7.6, 168.2, 194.5) 183.2a (7.7, 170.4, 194.5) 
medial 177.9 (7.5, 169.2, 194.3) 181.2 (7.5, 168.1, 193.3) 
Overall length 3 
lateral 177.2a (7.9, 166.2, 192.7) 180.4a (7.6, 168.0, 192.4) 
medial 175.6 (7.6, 167.2, 191.6) 178.4 (7.7, 165.2, 190.6 
 441 
a within foot, difference is significant (P = 0.0036 after Bonferroni correction) 442 
b between fore vs. hind feet, difference is significant (P = 0.0036 after Bonferroni correction) 443 
444 
Table 5 Mean length (mm) of the digital bones and overall digital lengths in plu-445 
riparous cows (standard deviation, minimum, maximum). 446 
 447 
Pluriparous cows Fore-limbs ( n= 20) Hind-limbs ( n= 20) 
Condyles 
lateral 36.3 (2.0, 33.5, 39.2) 38.4a, b (2.3, 34.5, 40.8) 
medial 35.5 (2.1, 32.0, 39.2) 37.4b (2.5, 33.2, 40.6) 
First phalanx 
lateral 57.6a (3.5, 52.9, 63.1) 59.1a, b (4.0, 53.0, 64.7) 
medial 56.4 (3.8, 50.2, 61.9) 57.8 (3.9, 51.8, 63.6) 
Second phalanx 
lateral 39.5a (2.7, 35.2, 44.7) 42.7 a, b (2.7, 38.9, 46.8) 
medial 38.4 (2.4, 34.8, 42.8) 42.0b (2.4, 37.8, 45.8) 
Third phalanx  
lateral 50.6 (2.6, 46.8, 54.5) 49.3 (2.5, 46.8, 54.0) 
medial 51.5 (2.5, 48.6, 55.7) 50.0 (2.8, 46.3, 56.0) 
Overall length 1 
lateral 134.9a (7.9, 123.4, 146.5) 141.6a (8.6, 129.6, 153.2) 
medial 132.4 (8.2, 119.9, 144.6) 139.2b (8.4, 126.9, 151.6) 
Overall length 2 
lateral 185.0 (9.4, 168.5, 196.5) 191.6a, b (9.5, 179.0, 207.2) 
medial 183.7 (10.0, 169.6, 198.3) 189.7b (10.4, 178.0, 207.9) 
Overall length 3 
lateral 184.0a (9.5, 168.5, 198.3) 189.5a, b (9.9, 176.0, 206.1) 
medial 181.9 (9.8, 166.9, 194.3) 187.0b (10.5, 174.8, 206.0) 
 448 
a within foot, difference is significant (P = 0.0036 after Bonferroni correction) 449 
b between fore vs. hind feet, difference is significant (P = 0.0036 after Bonferroni correction) 450 
451 
Table 6 Mean difference in overall length (mm) between the medial and lateral 452 
digits in 40 cattle of different ages (n= number of digits).  453 
 454 
 N Fore-limbs (n= 80) Hind-limbs (n= 80) 
Calves 10 Means (min, max) Means (min, max) 
Overall length 1 20 +1.04* (-0.50, 2.10) +2.1* (0.59, 3.65) 
Overall length 2 20 -0.4 (-1.79, 0.95) +0.7 (-0.95, 2.79) 
Overall length 3 20 +1.26* (-1.05, 2.89) +1.83* (-0.3, 3.70) 
Heifers and steers 10   
Overall length 1 20 +2.85* (0.10, 4.25) +2.73* (0.00, 8.15) 
Overall length 2 20 +1.25* (-1.79, 3.35) +1.43* (-1,29, 2.80) 
Overall length 3 20 +2.18* (1.29, 3.45) +2.03* (-0.10, 3.65) 
Primiparous cows 10   
Overall length 1 20 +2.68* 1.69, 3.75) +2.12* (0.40, 4.80) 
Overall length 2 20 +1.11 (-3.34, 3.65) +1.82* (0.10, 3.25) 
Overall length 3 20 +1.61* (-2.2, 4.80) +2.05* (0.02, 3.15) 
Pluriparous cows 10   
Overall length 1 20 +2.5* (0.50, 4.45) +2.5* (0.10, 4.90) 
Overall length 2 20 +1.3 (-2.20, 4.55) +2.0* (-0.70, 4.85) 
Overall length 3 20 +2.1* (-2.22, 4.80) +2.5* (0.05, 4.70) 
 455 
+, lateral digit longer; -, medial digit longer, * P < 0.004 after Bonferroni correction in a 456 
mixed linear model (PROCMixed) 457 
 458 
 459 
 460 
 461 
 462 
 463 
 464 
 465 
 466 
467 
Legends to figures 468 
 469 
 470 
Figure 1: Schematic representation of the measurements in a calf foot. 471 
(b) plantarodorsal digital radiograph of the left hind foot in a one-day-old, female Holstein 472 
calf. EL, epiphyseal line; LC, length of condyle. LP1, length of P1, LP2, length of P2, LP3, 473 
length of P3, OL1, overall length 1; OL 2, overall length 2. The lateral digit (L) is visibly 474 
longer than the medial. 475 
 476 
 477 
Figure 2: Difference (cm) between overall length 2 of the paired digits of the fore-limb (to the 478 
left) and hind-limb (to the right) in 40 cattle (values for left and right limbs were pooled): < 0: 479 
medial digits longer, > 0: lateral digits longer.  480 
 481 
 482 
Figure 3: Three-dimensional reconstruction of computed tomographic images of the digits of 483 
cattle. (a) Plantarodorsal view of the right hind limb digits of a primiparous cow. The lateral 484 
digit is slightly longer than the medial digit mainly because of a longer lateral metatarsal con-485 
dyle and P1. (b) Plantarodorsal view of the right hind limb digits of a pluriparous cow. The 486 
lateral digit is slightly longer than the medial mainly because of a longer lateral P1 and P3. 487 
 488 
 489 
